Since Listeria monocytogenes was found to be a significant food-borne pathogen 3 (Schlech et al., 1983) , epidemiological studies have confirmed that meat products have been 4 involved in sporadic cases and outbreaks of listeriosis in many countries during recent 5 decades (Gellin et al., 1991; Slutsker et al., 1999; de Valk et al., 2001; Frye et al., 2002; Sim 6 et al., 2002) . Various delicatessen meat products have played important roles in outbreaks of 7 listeriosis in France, the UK, the USA and other countries (Farber et al., 1991; Jacquet et al., 8 1995; McLauchlin, 1996) . Meat products associated with the transmission of L. 9 monocytogenes generally have been processed, have long shelf-lives, are capable of 10 supporting the growth of L. monocytogenes, and are consumed without further cooking 11 (McLauchlin, 1996) . 12
13
Vacuum packaged, cold-smoked pork is a ready-to-eat (RTE) meat product 14 commonly produced in Baltic and Eastern European countries. This product is consumed 15 without any heat treatment, usually on sandwiches, in salads or as a cold snack. The 16 manufacture of cold-smoked pork involves no processing steps to eliminate L. 17 monocytogenes. Moreover, some manufacturers set a long shelf-life for such products, thus 18 possibly permitting substantial growth of L. monocytogenes. 19 20 I n th i s s tu d y w e r e p o r t f o r th e f i r s t ti m e t h e r e s u l t s on th e p r e v al en c e o f L. 21 monocytogenes in sliced, vacuum packaged, cold-smoked pork products from meat 22 processing plants in Latvia and Lithuania. A new approach was applied with a logistic 23 multivariable regression model to identify the main factors in the manufacture of cold-24
International Organization for Standardization (Anonymous, 1996 b) , for 15 of 120 positive 11 s a m p l e s p r o d u c e d f r o m t w o o f t h e p l a n t s ( I a n d I V ) . E n u m e r a t i o n w a s p e r f o r m e d 12 immediately upon expiry of each product's shelf-life. The lower limit of enumeration was 10 13 cfu/g. The procedure included 1-h resuscitation in buffered peptone water at 20 °C, and 14 surface plating on PALCAM and LMBA of 1.0 ml of 10 -1 , and 0.1 ml of each of the 10 -2 and 15
10
-3 dilutions. The plates were incubated at 37 °C for 24 to 48 h. Typical colonies were 16 selected and plated on 5% sheep blood agar. L. monocytogenes was confirmed as described 17 above. 18 19
DNA isolation and pulsed-field gel electrophoresis (PFGE) 20

21
A colony of L. monocytogenes was transferred to 5 ml of tryptic soy broth (TSB; 22 Difco) which was incubated overnight at 37 °C. DNA isolation was performed with 23 modifications as described by Björkroth et al. (1996) and Autio et al. (2002) . After overnight 24 incubation, 2 ml of the culture were diluted in 5 ml PIV buffer (10 mM Tris, 1 M NaCl) and 1 concentrated by centrifugation at 1100 × g for 15 min at 4 °C. Plugs for PFGE were prepared 2 with concentrated cell suspension in PIV and 2% (w/v) low melting point agarose (InCert; 3 FMC Bioproducts, Rockland, ME, USA). Cells in prepared plugs were lysed in a solution 4 containing per ml 20 g of RNase, 1 mg of lysozyme and 10 U of mutanolysin in lysis buffer 5 containing 6 mM Tris, 1 M NaCl, 100 mM EDTA, 0.5% Brij-58, 0.2% sodium deoxycholate 6 and 0.5% sodium lauroyl sarcosine, at 37 °C for 3 h with slow shaking. Lysis was continued 7 with a 1-h wash with ESP solution containing proteinase K (Sigma) 100 g/ml, 0.5 M EDTA 8 and 10% sodium lauroyl sarcosine at 50 °C. ESP wash was repeated twice under the same 9 conditions. Afterwards the plugs were washed in buffer containing 10 mM Tris and 0.1 mM 10 EDTA at 50 °C for 1 h. A cutting enzyme AscI 20 U/ l (New England BioLabs, Beverly, 11 MA, USA) was used for digestion at 37 °C for 16 h. 
Factors associated with L. monocytogenes contamination in the manufacture of cold-21
smoked sliced vacuum packaged pork products in seven meat processing plants 22
All production steps were studied separately for plants I, II, III, IV, V, VI, and VII, 1 that produce similar products in which the prevalences of L. monocytogenes varied from 0 to 2 67%. Production processes were divided into manufacturing steps and analyzed as separate 3 variables. ANOVA showed significantly higher prevalence (P < 0.05) of L. monocytogenes 4 in the products of meat processing plants I, III, IV, and VII than in products from plants II, 5 V, and VI. The presence of L. monocytogenes correlated with the use of brining injections 6 and cold-smoking time (Table 2 ). Based on bivariate correlations, the four most significant 7 variables, brining procedures, cold-smoking time, cold-smoking temperature, and total time 8 at temperature between 10 °C and 30 °C, were selected for use in a multivariate logistic 9 regression model. Brining injections were observed as a significant (P < 0.05) factor in 10 product contamination with L. monocytogenes (Table 3) . A long cold-smoking time ( 12 h) 11 also had a significant (P < 0.014) predictive value for testing positive for L. monocytogenes, 12 whereas cold-smoking at 24 to 30 °C for 8 to 48 h carried a significant (P < 0.002) predictive 13 value for testing negative for L. monocytogenes. 14 15
Genotyping with PFGE and serotyping 16 17
All 120 L. monocytogenes isolates were typed using PFGE. Based on genetic 18 similarity, 27 different PFGE types were detected and grouped then into two genetic lineages 19 (Fig. 2) . Genetic lineage I contained 95% of all L. monocytogenes isolates belonging to 20 serotypes 1/2a and 1/2c, while the remaining 5% of isolates in genetic lineage II, belonged to 21 serotypes 1/2b, 3b, and 4b. Overall, 32% of L. monocytogenes isolates were recovered from 22 only one meat processing plant. More than three PFGE types were found in the products 23 from meat processing plants I, II, III, VII, IX, and XI ( found in seven of eight production lots from meat processing plant I, and in four production 4 lots from meat processing plant II (Table 5 ). L. monocytogenes PFGE types 10, 19, and 20 5 were recovered over a 9-month period from lots from plant I. PFGE types 12, 15, and 19 6 were recovered repeatedly, during a shorter period, from plant II. L. monocytogenes 7 contamination in product from plants I and II was continuous throughout production. 8
However, the prevalence levels of L. monocytogenes differed significantly (P < 0.05) 9 between plants I and II. 10 11
Discussion 12 13
The prevalences of L. monocytogenes in cold-smoked pork products varied from 0 to 14 67% in Latvian products and from 10 to 73% in Lithuanian products. Regardless of how long 15 products were stored, levels of L. monocytogenes at the ends of manufacturers' shelf-lives 16 were mostly < 100 cfu/g. This suggests that cold-smoked pork products contain inhibitors of 17 L. monocytogenes. The wide use of starter cultures in the manufacture of cold-smoked pork 18 products may explain the low levels of L. monocytogenes. The use of starter cultures in the 19 production of meat products is one of the most important factors for controlling L. 20 monocytogenes growth (Farber et al., 1991; Ingham et al., 2004; Thevenot et al., 2005) . 21 22 The manufacture of cold-smoked pork involves no processing steps to eliminate L. 23 monocytogenes, thus contamination of the raw meat and contamination during processing 24 can both contribute to L. monocytogenes in the finished product. Several investigators have 1
shown that the occurrence of L. monocytogenes in the plant environment and on processing 2 surfaces has a significant positive relationship with the presence of this organism in finished 3 products (Chasseignaux et al., 2001; Heir et al., 2004) . 4 5 The multivariate logistic regression model indicated that brining, cold-smoking time, 6
and cold-smoking temperature were factors affecting product contamination with L. 7 monocytogenes. Autio et al. (1999) previously showed that injected brines were an important 8 source of the L. monocytogenes found in cold-smoked rainbow trout. Recirculation of 9 contaminated brine through injection machines may also increase dissemination of L. 10 monocytogenes during production (Autio et al., 1999; Gailey et al., 2003; Greer et al., 2004) . 
